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The  term  strength  as  applied  to  wood  may  have  a  variety  of  mean- 
ings, depending  on  the  use  to  which  the  wood  is  to  be  put.  In  speak- 
ing of  the  strength  of  columns  or  posts  in  building,  strength  in 
compression  is  generally  meant.  In  the  case  of  beams,  bending 
strength  is  meant.  In  wood  for  ax  handles,  both  toughness  (shock- 
resisting  ability)  and  hardness  are  generally  included  in  the  term 
strength.  It  is  evident  that  strength  may  include  several  properties 
or  a  single  property,  according  to  the  use  to  which  the  wood  is  to  be 
put,  and  that  in  comparing  woods  the  property  or  properties  must  be 
specified. 

Tests  to  determine  the  mechanical  properties  of  wood,  such  as 
bending  tests,  compression  tests,  shearing  tests,  hardness  tests,  etc., 
to  be  strictly  comparable  must  be  made  on  straight-grained  pieces 
free  from  defects,  such  as  knots,  shakes,  etc.,  and  in  the  same  condi- 
tion of  seasoning.  It  would  manifestly  be  misleading  to  compare  the 
strength  of  oak  containing  defects  with  clear  hemlock,  or  the  strength 
of  green  ash  with  dry  birch. 

Table  1  shows  the  mechanical  properties  of  129  different  woods 
grown  in  the  United  States.1  This  table  can  be  used  to  compare  the 
properties  of  the  different  woods,  to  select  woods  for  particular  uses, 
and  to  establish  approximate  working  stresses.  It  is  based  on  approxi- 
mately 130,000  tests  conducted  by  the  United  States  Forest  Service 
over  a  period  of  about  15  years.  Small  clear  specimens  were  used. 
Each  line  of  the  table  represents  the  average  of  tests  made  on  pieces 
cut  from  five  typical  trees  from  a  single  locality.2  Since  there  is  con- 
siderable variation  in  the  strength  of  wood  from  individual  trees  of  the 
same  species,  the  results  should  be  taken  as  indications  rather  than  as 
fixed  values. 

Table  1  gives  average  values  obtained  from  tests  on  green  material. 
The  values  for  dry  material  would  be  higher,  as  indicated  in  the 
notes  at  the  bottom  of  the  table.  While  it  is  true  that  the  properties 
of  all  species  are  not  changed  in  the  same  proportion  by  drying  and 
that  all  the  properties  are  not  equally  affected,  nevertheless  the 
converting  factors  given  in  the  notes  will  indicate  with  sufficient 
accuracy  for  most  practical  purposes  the  strength  to  be  expected  in 
the  dry  material. 

1  See  the  following  publication  for  a  more  detailed  table:  Newlin,  J.  A.,  and  Wilson.  T.  R.  C,  me- 
chanical   PROPERTIES    OF    WOODS    CROWN     IN     THE    UNITED    STATES.      U.  S.  Dept.  AgT.   Bill.  566,  47  p .. 

illus.     1917. 

2  The  averages  for  a  few  of  the  species  listed  in  Table  1  are  from  less  than  5  trees. 
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Table   1. — Properties  of  various 


Weight  per 
cubic  foot 


Common  and  botanical  name 


Locality  where  grown 


•Shrinkage  from  green 
to  oven  dry  condition 


Alder,  red  (Alnus  rubra) 

Ash.  Billmore  white  (Fraxinus 
hiltmcreana). 

Ash,  black  (Fraxinus  nigra) 

Do 

Ash,  blue  (Fraxinus  quadran- 

gulata). 
Ash,  green  (Fraxinus  pcnnsyl- 
vanica  lanceolata). 

Do.... 

Ash,    Oregon    (Fraxinus   ore- 

gona). 
Ash,  pumpkin  (Fraxinus  pro- 
funda). 
Ash.   white  (Fraxinus  ameri- 
cana). 

Do 

Do 

Aspen  (Fopulus  tremuloides).. 
Aspen,    largetooth     (Populus 
grandidentata). 

Basswood  (Tilia  glabra) 

Do 

Beech  (Fagus  grandifolia) 

Do 

Birch,  paper  (Betula   papyri- 
fera). 

Birch,  sweet  (Betula  lenta) 

Birch,  yellow  (Betula  luteaj... 

Do 

Buckeye,     yellow     (Aesculus 
octandra). 


Lbt. 

Snohomish  County,  Wa5t 

Overton  County,  Tenn 45 

Ontonagon  County,  Mich.  53 

Marathon  County.  Wis...  .12 

Bourbon  County,  Ky 46 

Richland  Parish,  La 47 

Madrid  County,  Mo.  49 

Lane  County,  Oreg 


New  Madrid  County,  Mo. 
Stone  County,  Ark 


QswegO  County,  X.  Y 51 

Pocahontas    Count  v.     u 
Ya. 

Rusk  County,  Wis 17 

Sauk  County.  Wis 43 


Potter  County,  Pa.. 

Marathon  County,  Wis... 
Hendricks  County,  Ind... 

Potter  County,  Pa 

Rusk  County,  Wis 


Potter  County,  Pa 

do 

Marathon  County,  Wis.. 
Sevier  County,  Tenn 


41 
•11 
58 
54 
51       3S 


Lbt. 
80 

38 

U 

41 

N 
12 


Lbt. 
38 

34 


38 


•11 

:;7 

28 


Per 

cent 

0.37       12.6 

.51        12.6 


.45 
.47 
.53 

.53 


15.2 

"ii.T 

11.7 

13.3 
50        13.2 

48        12. 0 

,58       12.6 


.36 

.35 


28 

21 

43 

41 
.'',7 


• 


14.0 
12.6 

11.1 
11.8 

16.5 
14.5 
16.5 
15.8 
16.3 


4.",  .58  15.0 

43  .55  18.7 

43  .64  17.0 

24  .33  12.0 


5.0 
"3.Y 


4.6 

4.1 

3.7 
4.3 

5.3 

4.1 

3.3 
3.1 

6.8 
6.2 
4.6 
5.1 
C.C 

6.3 
6.9 
7.9 
3.5 


Per  I    Per 

cent  cent 

4.4  7.3 

4.  2  6. 9 


7.8 
~6.~5_ 


7.1 

8.1 

6.3 

6.4 

S.7 
6.6 

6.9 
7.9 

9.9 
8.4 
10.5 
10.6 


Note.— The  values  in  this  table  arc  based  on  tests  of  small,  clear  unseasoned  preen  specimens  2  by  2  inches 
in  cross  section.  Bending  span,  2S  inches.  The  columns  of  this  table  are  numbered  at  the  top  from  1  to  23. 
The  notes  which  follow  are  similarly  numbered  and  refer  to  these  columns. 

(3)  Average  green  material. 

(4)  About  12  or  15  per  cent  moisture— average  condition  reached  without  artificial  heating  by  material 
sheltered  from  precipitation— North  Central  States. 

(5)  About  8  per  cent  moisture. 

(3, 4,  and  5)  Any  individual  lot  of  lumber  in  the  condition  specified  in  columns  3,  4,  and  5  would  probably 
vary  5  per  cent  from  the  figures  given  with  a  possible  variation  of  as  much  as  20  per  cent.  For  example, 
young  thrifty  pines  will  have  a  high  moisture  content  when  freshly  cut  and  will  probably  weight  20  per 
cent  above  the  average  given. 

(>'))  Specific  gravity  is  determined  on  the  basis  of  green  wood.  In  the  case  of  partially  dry  wood  there 
would  be  some  shrinkage  with  a  consequent  increase  in  specific  gravitj,  or  density.  This  increase  for  air- 
dry  wood  (12  to  15  per  cent  moisture)  gives  a  specific  gravity  about  10  per  cent  higher  than  for  green  wood. 
For  kiln-dry  wood  the  specific  gravity  would  be  still  higher. 

(7, 8,  and  9)  Oven  dry  means  entirely  free  from  water.  The  shrinkage  from  a  green  to  a  kiln-dry  condition 
(8  per  cent  moisture)  is  generally  about  75  per  cent  of  the  shrinkage  to  an  oven-dry  condition.  The  shrinkage 
from  a  green  to  an  air-dry  condition  (12  to  15  per  cent  moisture)  is  generally  about  50  per  cent  of  the  shrink- 
age to  an  oven-dry  condition. 
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woods,  actual  and  comparative 
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11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

Z6s. 

Lbs. 

Lbs. 

/,000 

7«c/t  = 

Zbs. 

per 

per 

per 

/bs.  per 

/6s.  per 

per 

sq.  in. 

sq.in. 

sq.  in. 

sg.  in. 

Lbs. 

cu.  in. 

sg.  in. 

6,540 

76 

2,960 

84 

313 

43 

1,167 

89 

440 

42 

8.0 

60 

770 

59 

9,270 

107 

3,980 

113 

875 

120 

1,335 

102 

853 

81 

11.6 

87 

1,232 

94 

6,000 

69 

2,340 

66 

409 

56 

1, 107 

84 

552 

53 

11.3 

85 

866 

66 

8,000 

69 

2,260 

64 

452 

62 

960 

73 

13.1 

98 

9,  650 

112 

4,180 

118 

994 

137 

1,241 

95 

"i,"028" 

""98" 

14.7 

111 

"I,_543~ 

118 

8,880 

103 

4,040 

114 

801 

110 

1,319 

101 

732 

70 

10.6 

80 

1,202 

92 

10,040 

116 

4,360 

124 

1,012 

139 

1,480 

113 

1,007 

96 

13.0 

98 

1,318 

101 

7,570 

88 

3,510 

99 

653 

90 

1,132 

86 

790 

75 

12.2 

92 

1,191 

91 

7,600 

88 

3,360 

75 

989 

136 

1,043 

80 

752 

72 

9.4 

71 

1,214 

93 

9,920 

115 

4,220 

120 

889 

122 

1,416 

108 

1,008 

96 

13.3 

100 

1,336 

102 

10,  760 

125 

4,610 

131 

794 

109 

1,635 

125 

1,  083 

103 

16.3 

123 

1,604 

123 

8,310 

96 

3,390 

96 

705 

97 

1,285 

98 

785 

75 

13.6 

102 

1,183 

91 

5,280 

61 

2,160 

61 

203 

28 

840 

64 

318 

30 

6.9 

52 

625 

48 

5,850 

68 

2,720 

77 

269 

37 

1,185 

90 

366 

35 

6.1 

46 

813 

62 

5,270 

61 

2,450 

69 

221 

30 

1,149 

88 

263 

25 

4.9 

37 

626 

48 

4,450 

52 

1,820 

52 

197 

27 

842 

•       64 

222 

21 

5.8 

44 

588 

45 

8,610 

100 

3,480 

99 

605 

83 

1.353 

103 

908 

87 

14.1 

106 

1,264 

97 

7,720 

89 

3,080 

87 

609 

84 

1,131 

86 

740 

71 

10.9 

82 

1,155 

88 

5,770 

67 

2,210 

63 

304 

42 

1,013 

77 

486 

46 

15.0 

113 

786 

60 

8,590 

99 

3,560 

101 

525 

72 

1,490 

114 

894 

85 

15.6 

117 

1,219 

93 

8,810 

102 

3,  520 

100 

469 

65 

1,490 

114 

736 

70 

19.0 

143 

1,083 

83 

8,390 

97 

3,400 

96 

439 

60 

1,597 

122 

754 

72 

14.2 

107 

1,145 

88 

4,820 

56 

2,050 

58 

210 

29 

1 

981 

I 

75 

266 

27 

5.4 

41 

662 

51 

(10  and  11)  The  strength  value  given  (modulus  of  rupture)  is  for  green  wood.  The  value  for  air-dry  wood 
is  about  50  per  cent  greater  than  that  for  the  green,  while  for  kiln-dry  wood  it  is  about  double  that  of  the 
green,  depending  on  the  degree  of  dryness.  The  above  does  not  apply  to  structural  timbers  with  delects 
which  may  have  more  influence  than  the  moisture  content  on  the  strength  of  the  piece, 

(12  and  13)  The  strength  value  given  (maximum  crushing  strength)  is  for  green  wood.  The  value  for  air- 
dry  wood  is  a  little  less  than  twice  as  great  as  for  the  green,  while  for  kiln-dry  wood  it  may  be  from  two  to 
three  times  that  of  the  green,  depending  on  the  degree  of  dryness. 

(14  and  15)  The  strength  value  given  (compression  perpendicular  to  grain")  is  for  green  wood.  The  value 
for  air-dry  wood  is  about  one  and  three-fourths  times  as  great  as  for  tho  green. 

(16  and  17)  The  strength  value  given  (modulus  of  elasticity  in  bending)  is  for  green  wood .  The  value  for 
air-dry  wood  is  about  25  yer  cent  greater  than  that  for  the  green. 

(18  and  19)  The  strength  value  given  (hardness)  is  for  green  wood.  It  is  an  average  of  the  values  for  radial 
and  tangential  hardness.     The  value  for  air-dry  wood  is  about  33  |  er  cent  greater  than  that  for  the  green. 

(20  and  21)  The  ability  of  the  wood  to  resist  shock  is  a  combination  of  strength  and  toughness. 

(22  and  23)  The  strength  value  given  (sheaving  strength)  is  for  green  wood.  It  represents  an  average  of 
the  values  for  radial  and  tangential  shearing  strength.  The  value  for  air-dry  wood  is  about  50  per  cent 
greater  than  for  the  green.    The  shearing  strength  of  kiln-dried  wood  is  greater  than  for  air-dry  wood 
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Table   1. — Properties  of  various  iroodsr 
HARDWOODS— Continued. 


Weight  per 
cubic  foot 


Common  and  botanical  name        Locality  where  grown 


Ethamnus  purshiana). 

Butternut  (Juglans  cii 



Cherrv,    Mack    (I'm; 

tina). 
Cherry,  pin  (Prunu 

vanii 
Chestnut  (Castanea  d( 

Chinquapin,  golden 
opsis  chrysoph)  D 
Cottonwood     (Populus     del- 

toides). 
Cottonwood,   Mack   (Populus 

trichocarpa). 
Cacnmber     tree     (Magnolia 

acumii 
Dogwood  (flowering)  (Cornus 

flori  i 
Dogwood,      Pacific      (Cornus 

puttallii). 
Elder,   blueberry   fSambucus 

cocm 
F.lm.  rock  (Ulmus  racemosa) . . 

Do 
Elm.  slippery  (Ulmns  fulva).. 

Do.. 

Elm.  American  (Ulmusameri- 

canai. 

Do 

(Mini,  black  (Nyssa  sylvatica). 
Gum.  blue  (Eucalyptus  glob- 
ulus). 
Gum,  tupelo  i  NTyssa  aquatica). 

.    Do 

Gum.  red  (Liquidambar  sty- 

raciflua). 

Do... 

Ilackberry     (Celtis     occiden- 

talis). 

Do.... 

Haw,  pear  'Crataegus  tomen- 

tosa) . 
Hickory,     big    leaf    shagbark 

(Hicorla  lactniosa). 

Do 

Hickory,     bitternut     (Hieoria 

cordiformis). 
Bickory,  mockernut  (Hieoria 

alba). 
D<      .-..: 

Do 


banc  I  g. 

Sack  County,  Wis 

in 

Potter  County,  Pa. 


Sevier  County,  Term. .. 

Baltimore  County,  Md. 
Sevier  Count  \ .  Tenn.  . 
Lane  Count  > .  • 


Pemiscot  County.  Mo. 
Snohomish  County.  Wt 
Sevier  County,  Term.  . 
do 


Lane  County,  Oreg 

1  !ounty,  <>rej;.  - 

Marathon  County.  Wis. 
busk  Countj . 
Hendricks  County,  Ind. 
>:mk  County,  Wis  . 
Potter  Count) . 


I  bon  Count) . 

ty,  Tenn  

Alameda  County,  Calif.. . 

unty,  Mo 

St.  John's  Parish,  L  >  .. 

New  Madrid  County,  Mo 


Pemiscot  County,  Mo 
Hendricks  County,  Ind. 

Sauk  Countv,  Wis    

do 


Sardis,  Miss 

Napoleon,  Ohio. 
do 


.  Miss. 


i:       28 




Chester  County,  Pa 

Webster  County,  VV.  Va. 
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Shrinkage  from  green 
to  oven  dry  condition 


•C  be 

-  = 


7.6 

9.4 

11.1 
11..-. 

I  2.  8 

10.  » 
12.9 
13. 2 

14.1 

12.4 

13.6 

LflLfl 

17.2 

15.  fi 


14.1 
15.5 
13.4 

14.4 


13.9 

22.5 


12.5 
12.4 


15.0 
14.0 


Per 

CI  lit 

3.2 

;\.  6 
3.0 

3.7 

2.8 

3.3 
3.4 

1.  6 

3.9 
3.6 
5.2 
7.1 
6.4 
4.4 


17.6 


16.5 

lv'.' 


t  B 
:,.  l 
4.9 
4.2 


4.4 
7.6 


4.2 
4.4 


4.2 


7.4        11.2 
7.'.»        14.2 


(i.  9        10.  4 
S.4        11.4 


THE    STRENGTH    OF    NORTH    AMERICAN    WOODS 
actual  and  comparative — Continued 


Strength  in 

Strength  in 

Shearing 

Strength  in 

compression 

compression 

^  t  i  ff^011*0 

Htird  ri£icc 

Shock  resist- 

strength 

bending 

parallel  to 

perpendicu- 

ing ability 

parallel  to 

grain 

lar  to 

gram 

grain 

1 

t 

g=a-— 

1     -, 

i 

i — 

o 

1—.^ 

T 

•T 

^S= 

J 

§ 

"si 

— 
a 

— 

- 

B 

a 

£    ■ 

■d 

£       II 

if 

% 

m 
- 

oa 

II 

n  - 

0 

ra 

© 

— 

I 

T  ^ 

o  © 

N 

£*  o 

a  z 

=  | 

1         §3 

is  *i§ 

W  ill 

=  —              So 

1 

I 

.-.  - 
•-  - 

'■-  ~~ 

« 

s  o 

B 

■  9 

•_ 

"  □ 

y. 

©  ° 

©   —  "© 

"©  ° 

0               -    >, 

t£ 

©  © 

>  c 

>  B 

~ 

>  c 

.£.- 

>  S 

u 

J2 

© 

-  -r    - 

t-          ~  jE 

oa 

I 

« 

S 

- 

— 

« 

g 

"o 

gonO 

« 

1     1  = 

© 
53 

1  3 

—  © 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20           21 

22 

23 

Lbs. 

Lbs. 

Z6s. 

1.000 

Inch  = 

Lbs. 

per 

per 

per 

lbs.  per 

lbs.  perl 

per 

sq.  in. 

sq.  in. 

»?.  tn. 

sq.  in. 

Lbs. 

cu.  in. 

sq.  in. 

6,320 

73 

3,270 

93 

670 

92 

631 

48 

731 

70 

13.4  !      101 

1,151 

88 

5,  S70 

68 

2,580 

73 

258 

35 

1,008 

77 

394 

38 

8.4           63 

761 

58 

4,880 

56 

2,250 

64 

287 

39 

931 

71 

379 

36 

7.9 

59 

748 

57 

8,030 

93 

3,540 

100 

444 

61 

1,308 

100 

664 

63 

12.8 

96 

1,127 

86 

5,040 

58 

2,170 

. 

265 

36 

1,042 

79 

386 

37 

6.2 

47 

677 

52 

6,010 

70 

2,710 

77 

400 

55 

949 

72 

448 

43 

7.4 

56 

545 

65 

5,230 

61 

2,230 

63 

366 

50 

910 

69 

402 

38 

6.7 

50 

749 

57 

7,030 

81 

3,020 

86 

491 

68 

1,016 

77 

602 

57 

'     9.5 

"1 

1,013 

78 

5,260 

61 

2,280 

65 

242 

33 

1,013 

77 

344 

33 

7.3 

55 

681 

52 

4,830 

56 

2,160 

61 

204 

28 

1,073 

82 

253 

24 

5.0 

38 

601 

46 

7,420 

86 

3,140 

89 

408 

56 

1,565 

119 

515 

49 

10.0 

75 

991 

76 

8,790 

102 

3,640 

103 

1,033 

142 

1,175 

90 

1,408 

134 

21.0 

158 

1,516 

116 

8,210 

95 

3,640 

103 

872 

120 

1,090 

83 

979 

93 

17.0 

12S 

1.297 

99 

6,590 

76 

3,040 

86 

519 

71 

904 

69 

715 

69 

8.S 

66 

1,091 

34 

9,430 

109 
111 

3,740 
3.820 

106 
108 

696 
813 

96 
112 

1,222 
1,165 

93 
89 

19.4 
20.3 

146 
153 

9,550 

"""9887 

~"te 

~I,~276~ 

98 

9,510 

110 

3,990 

113 

730 

100 

1,314 

100 

722 

69 

11.7 

88 

1,185 

91 

7.710 

89 

3,180 

90 

468 

64 

1.215 

93 

653 

62 

16.1 

121 

1.0S9 

83 

7,010 

SI 

2,920 

83 

410 

56 

1.020 

7? 

546  . 

52 

11.2 

S4 

922 

71 

6,940 

SO 

81 

2,700 
3.040 

76 

86 

292 
599 

40 
82 

1,052 
1.031 

80 
70 

11.8 
8.0 

S9 
60 

7,040 

. 

642 

"""ei" 

"1.097" 

84 

11,  230 

130 

5,250 

149 

1,019 

140 

2,006 

153 

1,344 

128 

13.9 

105 

1,546 

US 

7,290 

84 

3,330 

94 

620 

85 

1,054 

80 

710 

68 

8.4 

63 

1,227 

94 

7,380 

85 

3,550 

101 

451 

62 

1,045 

80 

699 

67 

7.8 

59 

1,031 

79 

6,450 

75 
84 

2,690 
2,990 

76 
85 

1.  13S 
1.154 

87 
88 

7,230 

455 

63 



522 

50 

9.4 

1.  072 

S2 

7,800 

90 

3,310 

94 

575 

79 

1,170 

89 

m 

75 

19.6 

147 

U 

86 

6,210 

72 

2.520 

71 

475 

65 

911 

69 

677 

65 

13.5 

102 

1,058 

7,650 

89 

3,110 

88 

980 

135 

964 

74 

1,204 

115 

--   " 

171 

1.356 

.  10* 

11,110 

129 

114 
119 

125 

129 
147 

4,520 

3,260 
4,570 

4,600 

4,320 
5,240 

128 

92 
129 

130 

122 
148 

994 

1,000 
986 

1,065 

958 

137 

138 
136 

146 

132 

1,562 

1,099 
1,399 

1,625 

1,508 
1,883 

119 

84 
107 

124 

115 
144 

24.3 

36.2 
20.0 

31.7 
24.1 

183 

272 
150 

140 

238 
181 

1.  119 

-.- 
1.  287 

1.  270 

9,880 

93 

10,280 

10,840 

11,110 

3 

12,720 



6  MISC.    PUBLICATION    46,    U.    S.    DEPT.    OF   AGRICULTURE 

Table  1. — Properties  of  various  ivoods, 
HARDWOODS— Continued 


Common  and  botanical  name        Locality  where  grown 


Weight  per 
cubic  foot 


flickory,  nutmeg  (Hicoria  my- 

aeformls). 
Hickory,  pignut  (Hicoria  gla- 
bra). 

Do 

Do. 

Do 

Hickory,    shagbark    (Hicoria 
ovata), 

Do... 

Do _ , 

Do... 

Hickory,  water  (Hicoria  aq,uat- 

Holly  (Ilex  opaca) 

Hornbeam   hop   (Ostrya  vir- 

giniana). 
Laurel,   California  (I'mbellu- 

laria  californica). 
Laurel,     mountain      (Kalmia 

latifolin). 
Locust,  black  (Robina  pseuda- 

cacia). 
Locust,  honey  (Gleditsia  tria- 

canthos). 

Do 

Madrona  (Arbutus  menziesii).. 

Do.. 

Magnolia,    evergreen     1 1 

nolia  grandiflora). 
Maple,   bigleaf  (Acer  macro- 

phyllum). 

Maple,  red  (Acer  rubrum) 

Do 

Maple,  silver  (Acer  sacchari- 

num). 
Maple,  sugar(  Acer  saccharum). 

Do.. 

Do... 

Oak,    bur    (Quercus    macro- 

carpa). 
Oak,  California  black  (Quercus  ! 

kelloggii). 

Do... 

Oak,    canyon    live    (Quercus 

I  chrysolepis). 

Oak,  chestnut  (Quercus  mon- 

tana). 
Oak,  swamp  chestnut  (Quer- 
cus prinus). 
Oak,    laurel    (Quercus    lauri- 

folia). 
Oak,  Oregon  white  (Quercus 

garryana). 


.  Miss 

....do.... 

Napoleon,  <  ihlo.. 

i  ( !ounl . ,  i  . 
Webster  County,  W.  Vn 

.  Miss 

bio 

-  County    Pa 

er  County,  w.  Va. 
Saruis,  Miss. 

Sevier  County,  Tenn 

Husk  County,  ^  is 

Douglas  County,  Oreg... 

Sevier  County,  Tenn 

....do... 

Hendricks  County,  lnd.. 

Pemiscot  County,  Mo... 

Butte  County,  Calif 

Douglas  County,  Oreg... 
Winn  Parisli,  La.. 

Snohomish  County,  Wash 

Marathon  County, 

Potter  County,  Pa 

Sauk  County,  Wis 

Hendricks  Countv,  lnd.. 

Potter  County,  Pa 

Marathon  Countv,  Wis.. 
Sauk  County,  Wis 

Butte  County,  Calif 

Douglas  County,  Oreg... 
Butte  County,  Calif 

Sevier  County,  Tenn 

Winn  Parish,  La 

....do... 

Douglas  County,  Oreg... 


-.1 

63 
64 

66 


Shrinkage  from  green 
to  oven  dry  condition 


Lbs. 

50 
S3 

"7 
4U 

17 

40 
36 

39 

49 

49 


12 


51       49 


•c  tt 

M 

o  P 

I 

o 

c 

I 


4C       45 
50       48 


56 


rer 

cent 


15.0 


66       1'.. 3 


•j]  .a 

16.0 


IS.  4 


in.  2 


ILfl 

14.4 


8.6 

11.3 
16.2 
17.6 
12.3 

11.  6 


12.5 
12.0 


14.3 
14.7 


12.7 

13.6 

10.6 
16.2 

16.7 

19.4 

19.0 

13.4 


Per 

crnt 


6,  i 
6.8 

8.6 
B.  B 

7.8 


4.6 
8.2 

2.8 

6.  0 

4.4 


4,2 

.r>.  l 

5.4 

.'5.7 


:■;.  s 
8.0 


4.9 

4,8 


4.4 
4.1 

3,  1 

8.0 

6.  6 

:•>.  8 

i  a 


THE   STRENGTH   OF   NORTH   AMERICAN   WOODS 

actual  and  comparative — Continued 


Strength  in 

Strength  in 

Shearing 

Strength  in 

compression 

compression 

Stiff"""00 

Hcird11000 

Shock  resist-  j 

strength 

bending 

parallel  to 

perpendicu- 

ing ability    | 

parallel  to 

grain 

lar  to 

grain 

1 

grain 

, i 

,.,* 

fp 

e=S=J===a 

1 

fcJL 

i 

-S 

S 

I 

J 

L-.C. 

fir 

t 

r 

^==^ 

^SF=3 

ii 

X3 

_£, 

73 

T3 

a 

T3 

CO  w 

13 

a 

be  a 

*g 

© 

0 

© 

© 

© 

a  c3 

"8:3 

s 

ft 

a 

o 

03 

ft 

3© 
§2 

°v 

aS 

to  C3 

tx 

© 
hi 
xn 
bfl 

a 
2 
B 

o 

ft 

II 

bCc3 

po 

•  N-' 

co  CO 

1 

1 

"© 

03 
0 

U 

03 
ft 

II 

si 

bficS 
OS 

1 

3  If 
•i 

*_  a 
0  © 

a 

ft 

So 

!•* 

co  c3 

©J3 

.rt  © 

3  ° 
.8-° 

3  A  *-i 

So 

°2 

■3  cS 

i 
0 

a 

u 

'Bo 

2  0 

'+3  ° 

CO 

'co  ° 
©"*"* 

©  0 

81 

1 
1 

©  11 

co  c3 

O 

a  0 

CO 

©o 

3 

0° 

0° 

CO 

©° 

c^w 

©° 

0 

©  >> 

to 

©  © 

3 

3 

_>  o 

a 

>  o 

to 

_>  0 

"3 

>  O 

^s^.2 

>  0 

m 

►  +» 

a 

^  ft 

'a 

2 

Vj 

"8 

© 

2 

t3 

00 

2 

J32 

2 

ci  ST 

o 

3 

© 
PS 

C3 

© 

O 

"© 

gdT3 

"3 

0 

21 

© 

SI 

10  1 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

22 

23 

£6s. 

Lbs. 

Lbs, 

1,000 

Inch  = 

«J 

per 

per 

per 

lbs.  per 

lbs.  per 

per 

sg.  in. 

sg.  in. 

sg.  in. 

sg.  in. 

Z6s. 

cu.  in. 

sq.  in. 

9,060 

105 

3,980 

113 

938 

129 

1,289 

98 

22.8 

171 

1,031  i 

79 

11,  780 

12,  360 
11,450 

136 

143 
133 

4,870 

4,  760 
4,820 

138 

135 
137 

1,101 

1,224 
1,130 

151 

168 
155 

1,665 

1,553 
1,605 

127 

118 
122 

24.7 

27.7 
34.9 

186 

208 
262 

1,207 

1,427 
1,358 

92 

109 

104 

11,810 

137 

4,820 

137 

1,114 

153 

1,769 

135 

30.6 

230 

1,395 

107 

11,  330 

10,  990 

131 
127 

5,060 
4,360 

143 
124 

1,158 
1,080 

159 
149 

1,638 
1,346 

125 
103 

16.7 
34.1 

126 
256 

1,262 
1,421 

97 

109 

10, 170 

118 

4,370 

124 

1,392 

106 

11.9 

89 

1,245 

95 

11,  000 
10,  740 

127 
124 

4,600 
4,660 

130 
132 

""972" 

1,088 

""I34" 
150 

1,752 
1,563 

134 
119 

18.3 

18.8 

138 
141 

1,263 
1,  440 

97 

110 

6,540 

76 

2,640 

610 

84 

897 

68 

792 

76 

10.8 

81 

1,130 

87 

8,540 

99 

3,  570 

101 

733 

101 

1,153 

88 

1,168 

111 

13.3 

100 

1,374 

105 

6,640 

77 

3.020 

86 

801 

110 

715 

55 

1,003 

96 

16.8 

126 

1,272 

97 

8,440 

98 

4.310 

122 

1,110 

153 

924 

70 

1,299 

124 

12.5 

94 

1,669 

128 

13,800 

160 

6,800 

193 

1.426 

196 

1,849 

141 

1,568 

150 

15.4 

116 

1,755 

134 

1  12,360 

143 

4,970 

141 

1.684 

232 

1,732 

132 

1,846 

176 

17.3 

130 

1,990 

152 

1     9, 800 

113 

4,310 

122 

1,366 

188 

1,201 

92 

1,297 

124 

11.7 

88 

1,592 

122 

1     7, 410 

86  |  3,230 

92 

594 

82 

1,072 

82 

771 

74 

7.9 

59 

1,226 

94 

7,580 

88 

3,340 

95 

817 

112 

844 

64 

970 

93 

11.9 

89 

1,456 

111 

6,780 

78 

2,700 

76 

570 

7S 

1,106 

84 

738 

70 

15.4 

116 

1,043 

80 

7,390 

86 

3,240 

92 

554 

76 

1,095 

84 

624 

60 

8.7 

65 

1,108 

85 

8,310 

7,470 

96 
86 

3,680 
3,090 

104 

88 

606 
456 

83 
63 

1,445 
1,395 

110 
106 

9.8 
11.3 

74 

85 

""603" 

""58" 

"i,"0S4" 

"~\"83 

5,820 

67 

2,490 

71 

456 

63 

943 

72 

592 

56 

11.0 

83 

1,053 

81 

8,860 

103 

3,670 

104 

653 

90 

1,462 

112 

910 

87 

12.7 

95 

1,324 

101 

9,490 

110 

3,  870 

110 

704 

97 

1,524 

116 

920 

8S 

13.6 

102 

1,380 

106 

8,820 
7,180 

102 
83 

4,000 
3,290 

113 

93 

870 
836 

120 
115 

1,437 

877 

110 

67 

9.6 

10.7 

72 
80 

"I,"  I5§~ 

~~~i06~ 

"I,"353" 

"""104 

5,740 

66 

2,530 

72 

696 

96 

786 

60 

728 

69 

7.5 

56 

987 

76 

\     6, 630 

77 

3,  070 

87 

1,093 

150 

684 

52 

980 

94 

10.2 

77 

1,297 

99 

10,  550 

122 

4,690 

133 

1,475 

203 

1.340 

102 

1,570 

150 

14.4 

10S 

1,696 

130 

8,030 

93 

3,520 

100 

657 

90 

1,372 

105 

894 

85 

9.4 

71 

1,211 

93 

1     8,480 

| 

98 

3,540 

100 

707 

97 

1,350 

103 

1,106 

106 

12.  S 

96 

1,  262 

97 

7,940 

92 

3,170 

90 

707 

97 

1,393 

106 

996 

95 

11.2 

Si 

1, 182 

91 

7,720 

89 

3,570 

101 

1  1,375 

I 

189 

792 

60 

1,392 

133 

13.7 

103 

1,624 

124 

MISC.    PUBLICATION    10,    U.    S.    DEPT.    OF   AGRICULTURE 


HARDWOODS— Continued. 


Table   1. — Properties  of  various  ;> 


Locality  where  crown 

Weight  per 
cubic  foot 

1 

> 

c 
0 

— 

I 

= 

0  * 

1 

s 

u 

1 

3} 

Shrinkage  fror 
to  oven  dry  M 

idition 

PHI 

g^^ 

t . 

1 ! 

Common  and  botanical  name 

I 

a 

>> 

•i 

H 

'< 

3 

2 

1           3 

>           — 

"3 

c 
S 

a 
a 
r- 

1 

2 

3 

4 

6 

7 

1 

Oak,  post  (Quercus  stellata).. 

Do... 

Oak,    red    (Quercus    borealis 
maxima. 

Do 

Do 

Stone  County.  Ark 

Winn  Parish.  La 

Stone  County,  Ark.. 

Hendricks  County,  Ind... 
Richland  Parish.  I 
Sevier  County,  Term 

Lb9. 

66 
65 

67 
61 
87 

C9 

66 

63 
59 
61 
67 

81 

44 

61 

44 

53 

41 
48 

51 

53 

47 

49 
51 
51 

59 

38 

17 

49 

11 

4.' 
49 

42 

44 

45 
48 
47 

17 
4'. 

47 
53 

411 

32 

"4 

40 

34 

.if, 
35 

u 

31 

39 
27 
26 
31 

46 

28 

Lbs. 
48 

1: 
43 

12 
18 

41 
47 

40 

50 

43 

i<. 
46 

46 
45 
43 
40 
54 

45 
51 

39 

31 

32 

31 

39 

32 

35 
34 

35 
30 

37 
26 
25 
30 

45 

-'7 

.59 
.60 
.57 

57 

.53 

.61 
.52 

.56 

..56 
.59 

.60 
.59 
.56 

..-,7 
.55 

.60 
.64 

..50 

.42 
.50 

.47 
.45 

.46 
.40 

.51 
.34 
.38 
.39 

.56 

.37 

Per        Per 

cent       cent 
16.  0         5.  7 
16.  5 
1 1.  5         4.  2 

13.1        3.7 

Per 
cent 
10.6 

8.9 

3 

3 

Do.. 

Oak,    swamp,    red    (Quercus 

[fi.1         3.7 
16.4         5.2 

4.5 

17.7 

- 
10.8 

8.7 

10.6 

fubra  pagdaefolia). 
Oak,   southern   red    (Quercus 

rubra). 
Oak,  swamp  white  (Quercus 

bicolor). 
Oak,     tanbark     (Lithocarpus 

densi:' 
Oak,  water  f Quercus  uigi 

Oak.  white  (Quercus  alba) 

Do 

Do 

Do 

Oak,  willow  (Quercus  phellos). 
Oak,  yellow  (Quercus  velutina) 

do 

ITendricks  County,  Ind. . . 
Willits.  Calif 

Winn  Parish.  La. 

Stone  County.  Ark.. 

Hendricks  County,  Ind... 

Richland  Parish,  La 

Winn  Parish.  La... 

do 

1  'ount  y,  Ark 

Marathon  Count  j . 
Morgan  County,  Ind  

Pemiscot  County,  Mo.  .  . 

4.2 
15.  8         8.  2 
14.3         4.1 

16.9 

18.  9         5.  0 
14.  2         4.  5 

8.3 
9.0 
9.2 
9.5 
9.6 
9.7 

Osage  orange  (Toxylon  pomi- 

ferumj. 
Pecan  (Hicoria  pecan). 

8.9 
13.6 



4.9 

8.9 
10.8 

8.7 

8  2 

8.9 

Persimmon'  (Diospvrus     vir- 

ginianai. 

Rhodoiiendron,  great  (Rhodo- 
dendron). 

Sassafras     (Sassafras     variifo- 
lium). 

Serviceberry  (Amelanchier 
canadensis). 

Silverbell  tree   (Halesia  Caro- 
lina). 

Sourwood  (Oxydendrum  abo- 
reum). 

Sumach,  staghorn  (Rhus  hirta) 

Sevier  County.  Tens 

do 

do 

do 

do 

Sauk  County,  Wis 

16.2 
10.3 
L8  7 
12.6 
15.2 

6.3 
4.0 
1 
3.8 
6.3 

Sugarberry  (Celtis  laevigata).. 

12.7 
13.5 

14.8 
13.0 

11.3 
14.3 
13.3 
13.8 

18.8 

11.4 

5.0 
5.0 

5.2 
4.4 

5.2 
2.8 
2.2 

2.9 

7.3 
7.3 

7.9 

7.5 

7.  1 
7.4 
8.2 
9.0 

Sycamore   (Platanus  occiden- 
talism 
Do 

Hendricks  County,  Ind... 

Sevier  County,  Tenn 

do 

Kentucky 

Mountain  magnolia  (Magnolia 

fraseri) . 
Walnut,  black  (Juglans  nigra) . 

M  illow,  black  (Salix  nigra) 

Do 

Willow,  western  black  (Salix 
lasiandra). 

Pemiscot  County,  Mo 

Sauk  County,  Wis 

Douglas  County,  Oreg 

Sevier  County,  Tenn 

do 

giniana). 
Yellow  poplar   (Liriodendron 
tulipifera). 

4.1 

6.9 

THE    STRENGTH    OF   NORTH   AMERICAN   WOODS 

actual  and  comparative — Continued 


Strength  ii 
bending 


Strength  in 

compression 

parallel  to 

grain 


Strength  in 
compression 
perpendicu- 
lar to  grain 


Stiffness 


Hardness 


Shock  resist- 
ing ability 


Shearing 
strength 
parallel  to 
grain 


10 


Lbs. 

per 
sq.  in. 
7,380 
8,780 
8,100 

7,780 
8,120 
6,790 
10,  850 

6,920 

9,860 

10,  710 

8,910 

8,090 
8,640 
7,760 
8,690 
7,400 
8,570 
7,650 
13,  660 

9,770 
10,  030 


|  6, 900 

80  ! 

5,980 

69 

9,620 

111 

6,490 

75 

7,680 

89 

5,840 

68 

6,550 

76 

6,300 

73 

N  6,640 

77 

6,120 

71 

9,490 

110 

4,  210 

49 

3,340 

39 

5,630 

65 

8,280 

96 

5,570 

64 

12 


85 

102 


90 

94 

79 

126 

SO 

114 

124 

103 
94 

100 
90 

101 
86 
99 
89 

158 

113 
116 


Lbs. 

per 

sq.  in. 

3.330 
3,620 
3,440 

3,210 
3,460 
2,700 
4,620 


4,360 

4,840 

3,740 
3,520 
3,530 
3,490 
3,700 
3,000 
3,700 
3,080 
5,810 

3,990 
4,170 

3,470 

2,730 

4,0S0 

2,830 

3,250 

2,680 
2,800 
2,790 

3,060 
2,610 

4,300 

1.  710 
1,320 
2,340 

3,400  | 

2,  550  I 


-w    ^ 


Es 


>  c 


2  a 

>  O 

~c3 


Si  — 

E7 


76 

131 


124 

137 

106 
100 
100 

99 
105 

85 
105 

87 
165 

113 

118 


122 

48 


14 


16 


Lbs. 

per 

sq.  in. 

1,148 

964 

844 

807 
682 
554 
944 


943 
1,355 


829 
727 

1,004 
757 
754 
912 
802 

2,260 

959 

1,110 


459 
783 
42S 


477 
585 
433 


330 

601 
237 
193 
333 


310 


15S 
133 
116 

111 
94 
76 

130 

93 
130 

186 

105 
114 
100 
138 
104 
104 


1,000 
lbs.  per 
sq.  in. 
913 
1,259 
1,248 

1,268 
1,474 
1.170 
1,790 

1,141 

1,593 

1,678 

1,552 
1,137 
1,311 
1,194 
1,344 
1,286 


IS 


125 
110 
311 

1,219 
1,121 
1,329 

132 
153 

1,367 
1,367 

122 

872 

63 

•  911 

108 

1,635 

59 

1,163 

93 

1,316 

66 
SO 
60 

809 
813 
964 

64 
45 

1. 166 
1.193 

83 
33 

27 
46 

1,420 
037 
489 

1,022 

85 

1.112 

43 

1.207 

70 
96 
95 

97 
112 

89 
137 

87 

122 

128 

118 
87 

100 
91 

103 
98 
93 
86 

101 

104 
104 


Lbs. 
1,074 
1,182 
1,042 

1,011 
892 
854 

1,244 


1,158 


II 

»  II 


If 


5~ 


20 


1,006 
986 
1,048 
1,  155 
1,  039 
978 
1,057 


2,037 

1,308 
1,  279 


67 

864 

69 

524 

125 

1,244 

89 

470 

100 

728 

62 

(12 

74 

590 
739 
580 

89 
91 

638 

503 

108 
49 
37 
78 

899 

3S3 
334 
501 

S5 

977 

92 

338 

1(12 
113 


85 
81 
119 

82 

110 


Inch  = 

lbs.  per 

cu.in. 

9.1 

13.0 

12.7 

11.4 
9.8 
12.1 
14.7 

8.0 

14.5 


'3  = 


c  rr  II 

x   C   o3 

>■."£ 


94 

100 
110 
99 
93 
101 


194 

125 
122 

82 

50 

119 

45 

69 

56 
71 
55 

61 

48 

86 

37 

32 

48 


32 


11.1 
12.1 
13.3 

8.9 
11.9 

8.8 
11.7 
13.2 
37.9 

14.6 
13.0 

12.1 
7.1 

16.2 
8.8 
9.8 

10.8 

12.0 
7.1 

7.9 
8.3 

14.6 
8.7 

12.9 
10.8 

19.5 

5.6 


95 

86 

74 
91 
ill 

CO 

109 


83 

91 
100 


99 
285 

110 
98 

91 

53 


22 


Lbs. 
per 
sq.  in. 
1,299 
1,256 
1,220 

1,163 
1,053 
1,020 
1,321 


1,296 


1,240 
1,194 
1,  306 
1,253 
1,  243 
1,184 
1,179 


1,481 
1,474 


1,240 
952 


122   1,256 
66    931 

74   1, 157 

81  

90 
53 

(-2 
110 

97 

81 


1.  049 
1,001 


827 

1.  210 
085 
561 

800 


147  1.118 
42 


■~   93 


«§ 


101 
72 
99 


95 
91 
100 
96 
95 
91 
90 


113 
113 

95 

96 

71 
S9 


80 


44761—29- 
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Table  1. — Properties  of  various  woods, 


CONIFERS 


Locality  where  grown 

Weight  per 
cubic  foot 

CD 

S 
= 
o 

> 

a 
e 

9 

a 

1 

fee 

- 
-- 

— 

Shrink 
to  oven 

age  from  green 
dry  condition 

s^-^= 

|j 

>. -• 

Common  and  botanical  name 

a 
I 

5 

>» 

H 

-3 

< 

1 

a 

s 

i 

"o 

> 

"3 

1 

« 

■a 

c 
s 
to 
a 

S3 

1 

o 

4 

5 

6 

7 

8 

9 

Cedar,    incense    (Libocedrus 
decurrens). 
Do 

Lane  County,  Oreg 

Weed,  Calif 

Douglas  County,  Oreg 

Missoula  County,  Mont.. 

Snohomish  County.  Wash. 
Shawano  County,  Wis 

St.  John  the  Baptist  Par- 
ish, La. 

Pemiscot,  Mo 

Lane  County,  Oreg 

Dee,  Oreg... 

Snohomish  County.  Wash. 

Grand  County,  <  olo 

Rusk  County,  Wis 

Plumas  County,  Calif 

Humboldt  County,  Calif.. 

Johnson  County,  \S"yo 

Lane  County,  ore.' 

Chehalis  County,  Wash... 

Lewis  County,  Wash 

Washington  and  Oregon.. 
Missoula  Couutv,  Mont.. 

do 

Douglas  County,  Ore.' 

Multnomah  County, 
Oreg. 

Madera  County,  Calif 

Sevier  County,  Tenn 

Marathon  County,  Wis... 
Missoula  County,  Mont.. 

Chehalis  County,  Wash... 

Gray's  narbor  and  Buck- 
ley, Wash. 
Missoula  County.  Mont.. 

41 
39 

21 

30 
2S 

:i 

47 

35 

53 

40 

u 

39 
36 

41 

37 

3.5 
37 
52 

31 

56 
48 

49 
45 

41 

40 

51 

42 
53 
50 
47 
.54 
53 

Lbs. 
24 

Lbs. 
23 

0.33 
.41 

.. 

.33 
.29 

.45 

.39 
.40 

.38 

.35 
.31 
.34 
.40 

.„ 

.46 
.41 
.47 
.46 
.39 

.35 

.35 
.43 

.84 

.38 
.42 
.50 

.46 

.58 
.39 
.37 
.50 
.51 

Per 

CI  nt 

7.6 

Per 

cent 

3.3 

Per 

cent 
5.7 

Cedar,  Port  Orford  (Chamae- 

cyparis  lawsoniana). 
Cedar,    western    red    [1 

plicata). 

Do 

Cedar,  northern  white  (Thuja 

occidentalisi. 
Cypress,  southern 

distichum). 
Do 

31 

22 

24 
21 

34 

29 
29 

30 
21 

23 

21 

33 

28 
28 

10.7 

7.. 

8.6 
7.0 

11.5 

10.1 
7.9 

5.2 

2.5 

2.5 
2.1 

3.8 

8.1 

4.6 

5.6 
4.9 

6.0 

Cypress,  Alaska  (Cbamaecy- 
paris  nootkatensis). 

1.9 

5.0 

Do 

Fir,  Alpine  (Abies  lasiocarpa,' . 
Fir,  balsam  (Abies  balsai 
Fir,     Douglas     (Pseudi 
taxifolia). 

Do 

Do 

Do 

Do... 

Do 

Do  .. 

27 
23 
25 
31 

33 
32 

32 
37 

22 

30 

32 
31 
35 
31 

14.1 
9.0 
10.8 
11.7 

10.7 
10.9 
18.2 
12.5 
12.3 

4.5 
2.5 
2.8 
4.5 

4.9 
3.7 
5.7 
4.4 
5.0 

10.0 
7.1 
6.6 
6.9 

7.7 
6.6 
7.6 
7.4 
8.3 

Do 

Fir,  lowland  (Abies  grana  ;  ... 

Do 

Fir,  noble  (Abies  nobilis) 

Fir,  white  (Abies  concolor 

Hemlock,      eastern      (1 
canadensis). 

Do 

Hemlock,    mountain    (Tsuga 

mertensiana). 
Hemlock,      western      (I 
heterophylla). 
Do 

29 

28 

20 
32 

25 
32 

29 

31 

39 

34 
45 
30 
28 
39 

26 
27 

25 
31 

24 
30 

28 

30 

37 

33 

43 
29 
27 
37 

10.3 
10.9 
10.2 
13.6 

10.2 
11.6 

9.2 
10.8 

11.6 

3.5 
3.5 
2.9 
4.9 

3.4 
3.8 

2.3 

4.4 

4.5 

5.7 
6.8 
7.5 
9.1 

7.0 
7.8 

5.0 
7.1 

7.9 

Larch,  western  (Larix  occ 
talis). 
Do     

13.2 

4.2 

8.1 

Tine,  slash  (Pinus  caribti 
Pine,  jack  (Pinus  banksiana).. 
Pine,  Jeffrey  (Pinus  jeffr 
Pine,  loblolly  (Pinus  tae< 

Do 

Xassau  County,  Fla 

Barron  Countv,  Wis 

Plumas  County,  Calif 

Nassau  County.  Fla 

North  Carolina  and  South 
!      Carolina. 

12.7 
10.4 
9.9 
12.6 

5.9 
3.4 
4.4 
5.5 

7.5 
6.5 
6.7 
7.5 

... 
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Strength  in 

Strength  in 

Shearing 

Strength  in 

compression 

compression 

Q'f-'jfTT-irtnP 

XT  Q  T>  H  t-»  Q  C  O 

Shock  resist- 

strength 

bending 

parallel  to 

perpendicu- 

ing ability 

parallel  to 

grain 

lar  to 

grain 

,1 

.  1 

grain 

i     , 

I 

t 

^mimm? 

1 

fajft* 

1 

0 

w 

T3 

A 

•3 

•3 

a 

-3 

«5  00 

-3 

a 

tea 

£0 

<D 

ti 

<D 

© 

0) 

a 

© 

C  2 

6£0 

3 

bO 

a 

3 

s 

s~ 

S3 

•^Z, 

fe 

■3 

S  3 

8 

3 
Q, 

3 
u 

O 

a. 

11 

b£c3 
00   <£ 

fcf! 

C 

5 

s 

3 

P. 

It 

A11 

btea 
a  o 
£ 

1 

IS 

M 

»2 

>> 

IN 

O     © 

CO 

a 

if 
III 

©  ° 

equired  to  imb< 
nch  ball  one-hal 
jter 

a 
If 

■Si 

35  O 

a 
0 

S 
0 

©** 

©  0 

f  si 
8  8 

X3 

3 

© 
be 

©   1 

«l 

C3  O 

?o 

"^ 
©  ffl 

>  o 

a 

>  O 

00 

> 

C>  O 

^s 

>  O 

>*J 

a 

*2  O. 

3 

U 

3 

53  *• 

M 

*3'=" 

'C 

1 

3 

P3 

3 

"3 

O 

c8 

gd-3 
h5 

© 

0 

O  03 

c3 
© 

02 

^2  3 

si 

10 

n 

- 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

X6s. 

ifts. 

Lbs. 

1,000 

Inch= 

Lbs. 

per 

per 

per 

lbs.  per 

lbs.  per 

per 

sg.  in. 

sg.  in. 

sg.  in . 

sg.  in. 

Lbs. 

cu.  in. 

sg.  in. 

6, 400 

74 

3,270 

93 

393 

54 

926 

71 

389 

37 

6.4 

48 

834 

64 

6,040 

70 

3,030 

86 

518 

71 

754 

58 

6,  800 

79 

3,280 

93 

385 

53 

1,497 

114 

""475" 

45 

""7.Y 

""59" 

""88l" 

67 

4,750 

55 

2,630 

75 

278 

38 

886 

68 

246 

23 

4.5 

34 

697 

53 

5,  730 

66 

3,050 

86 

351 

48 

1,021 

78 

272 

26 

5.6 

42 

742 

57 

4,250 

49 

1,990 

56 

288 

40 

643 

49 

226 

22 

5.7 

41 

615 

47 

7,110 

82 

3,960 

112 

548 

75 

1,378 

105 

354 

34 

5.1 

38 

822 

63 

'     6,600 

76 

3,170 

90 

424 

58 

1,061 

81 

403 

38 

7.3 

55 

822 

63 

6,180 

72 

2,880 

82 

409 

56 

965 

74 

408 

39 

9.5 

71 

820 

63 

6,  570 
5,  660 

76 
66 

3,040 
2,670 

86 
76 

334 
289 

46 
40 

1,323 

1,257 

101 
96 

""3l6" 

""36" 

676" 

'"'11' 

""673" 

52 

4,450 

52 

2,060 

58 

307 

42 

861 

66 

219 

21 

4.4 

33 

613 

47 

4,900 

57 

2,400 

68 

210 

29 

964 

74 

291 

28 

4.7 

35 

612 

47 

6,  980 

81 

3,420 

97 

447 

61 

1,376 

105 

423 

40 

6.2 

47 

781 

60 

7,500 

87 

3,830 

109 

540 

74 

1,  508 

'      115 

524 

50 

6.8 

51 

961 

74 

6,  340 

73 

2,920 

83 

427 

59 

1,242 

95 

408 

39 

7.0 

53 

855 

65 

:     7, 860 

91 

4,080 

116 

541 

74 

1,679 

128 

514 

49 

7.0 

53 

881 

67 

7,  010 

81 

3,410 

97 

485 

67 

1,407 

107 

427 

41 

6.1 

46 

940 

72 

1     8,030 

93 

4,130 

117 

558 

77 

1,623 

124 

480 

46 

6.8 

51 

906 

69 

8,280 
6,380 

96 

74 

4,030 
3,090 

114 

88 

1,  597 
1,122 

122 

86 



472 

""65" 

""393" 

""38" 

"~6.~5~ 

""49" 

""897" 

69 

6,090 

70 

3,030 

86 

316 

43 

1,311 

100 

375 

36 

6.2 

47 

735 

56 

6,030 

70 

2,990 

85 

355 

49 

1,286 

98 

348 

33 

5.0 

38 

786 

60 

5,690 

66 

2,700 

76 

309 

43 

1,281 

98 

254 

24 

6.2 

47 

696 

53 

5,970 

69 

2,800 

79 

445 

61 

1,131 

86 

328 

31 

5.2 

39 

732 

56 

7,600 

88 

3,790 

107 

574 

79 

1,330 

101 

468 

45 

6.9 

52 

951 

73 

5,770 

67 

2,750 

78 

420 

58 

917 

70 

344 

33 

6.6 

50 

801 

61 

6,030 

70 

2,890 

82 

399 

55 

936 

71 

464 

44 

9.4 

71 

884 

6S 

6,070 

70 

2,890 

82 

350 

48 

1,192 

91 

432 

41 

6.0 

45 

S08 

62 

7,290 
7,630 

84 

88 

3,390 
3,870 

96 
110 

1,428 
1,369 

109 
104 

559 

77 

452 

43 

7.1 

53 

917 

- 

7,250 
8,800 

84 
102 

3,700 
4,470 

105 
127 

....... 

1,310 
1, 631 

100 
124 

""592" 

"~628~ 

""60~ 

""7."5" 

""59" 

"i,"033" 

78 

5,440 

63 

2,580 

73 

378 

52 

921 

70 

366 

35 

5.9 

44 

58 

4,960 

57 

2,370 

67 

353 

49 

982 

75 

342 

33 

4.7 

35 

694 

53 

7,620 

88 

3,670 

104 

548 

75 

1,431 

109 

452 

43 

8.0 

60 

903 

69 

7,300 

84 

3,402 

96 

1,293 

99 
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Table   1. — Properties  of  various  icoods, 
CONIFERS— Continued . 


Common  and  botanical  name        Locality  where  grown 


Weight  per 
cubic  foot 


Pine,   lodgepole   (Pinus   con- 
torta). 

Do 

Do.... 

Do.... 

1)«.. 

Pine,    longleaf   (Pinus   palus- 
tris). 

Do. 

Do 

Do... 

Do 

Pino,  pitch  (Pinus  ripida) 

Pine,  pond  (Pinus  rig 

tina). 
Pine,  Norway  (Pinus  resinosa). 
Pine,    shortleaf   (Pinus   echi- 
nata). 

Do.... 

Pine,  sugar  (Pinus  lamberti- 

ana). 
Pine,  mountain  (Pinus  pun- 
gens). 
Pine,    western   white    (Pinus 

monticola). 
Pine,  western  yellow  (Pinus 
ponderosa). 

Do 

Do 

Do 

Do 

Pine,  northern  white  (Pinus 

strobus). 
Redwood  (Sequoia  sempervi- 
rens). 

Do 

Spruce,     Engelmann     (Picea 
engelmannij. 

Do 

Spruce,  red  (Picea  rubra) 

Do 

Spruce,  sitka  (Picea  sitchensis). 
Spruce,  white  (Picea  glauca)... 

Do 

Tamarack  (Larix  laricina) 

Yew,  Pacific  (Taxus  brevifolia) 


Grand  County,  Colo 

Gallatin  County,  Mont... 

Granite  County,  Mont 

Jefferson  County,  Mont.. 
Johnson  County,  Wyo — 

i  County,  Fla 


-      

Tangipahoa  Parish,  La.... 


I  Jounty,  Term 

Nassau  County,  Fla 


Shawano  County,  Wis. 
Malvern,  Ark 


Bogalusa,  La 

Madera  County,  Calif 

Sevier  County,  Tenn 

Missoula  County,  Mont.. 

Coconino  County,  Ariz 

Madera  County,  Calif 

Douglas  County,  Colo 

Missoula  County.  Mont.. 
Stevens  County,  V. 
Shawano  County,  Wis 

Humboldt  County,  Calif— 

Mendicino  County,  Calif. 
San  Miguel  County,  Colo 


Grand  County,  Colo 

Coos  County,  X.  II. 

Sevier  County,  Tenn 

Chehalis  County,  Wash... 

Coos  County,  X.  H. 

Rusk  County,  Wis 

Shawano  County,  Wis 

Snohomish  County,  Wash. 


47  28 

56  42 

.M  -1 1 

42  4ii 


39       30 

11 


Lb*. 

27 
29 

12 

li 
12 


27 


X3 

a 
■a  & 


Shrinkage  from  green 
to  oven  dry  condition 


Per 

cent 
11.3 

11.9 
11.8 
1 2.  0 
10.1 

r_>.  i 

12.8 
11.0 

11.7 
11.2 

11.5 


12.  r, 
8.4 

10.9 

11.5 

9.2 

11.6 

9.9 
9.3 


7.8 


10.3 
10.5 


11.8 
11.2 


14.8 
13.  6 

9.7 


Per 

4.2 

5.0 
5.0 
3.6 
5.1 

5.5 
5.  i 

4.8 

4.8 
5.1 

4.6 


5.1 

2.9 

3.4 

4.1 

4.1 

4.3 
3.8 
3.5 


8.0 
3.7 


3.8 

4.5 


3.7 
3.7 

4.0 


Per 

ct  nt 

7.1 

6.8 

5.9 
6.9 

7.6 
7.5 
7.4 
7.1 

7.2 


8.2 

:..  6 


7.  1 
6.  1 


7.:: 
5.  9 


(',  'J 


7.8 
7.4 


7.3 

7.4 
5.4 
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grain 

1 

1 

fudgs? 

I 

9m 

: 

D 

CZl 

T 

♦ 

1    V 
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Table  1  deals  first  with  hardwoods  or  broadleaf  trees  and  then  with 
conifers  or  needle-leaf  trees.  The  two  sections  of  the  table  are  desig- 
nated "Hardwoods"  and  "Conifers,"  respectively. 

The  first  column  in  the  table  gives  the  common  and  botanical  names 
of  the  species.  Since  many  species  have  a  number  of  common  names, 
some  of  which  may  be  used  for  several  species  in  different  parts  of  the 
country,  the  botanical  name  is  needed  for  positive  identification.  The 
locality  where  grown,  as  shown  in  the  second  column  of  the  table, 
should  not  be  given  too  much  weight  as  an  indication  of  strength  or 
weakness.  The  influence  of  locality  in  which  trees  grow  on  the  prop- 
erties of  wood  is  generally  over-emphasized. 

The  columns  numbered  3,  4,  and  5  give  the  weight  per  cubic  foot 
in  three  conditions  of  moisture — green,  air  dry,  and  kiln  dry.  The 
weight  in  a  green  condition  was  determined  at  the  time  the  logs  were 
sawed  into  pieces  for  test.  The  various  species  differ  greatly  as  to  the 
wetness  of  the  green  wood.  The  hardwoods  as  a  rule  do  not  exhibit 
any  considerable  variation  in  moisture  with  the  position  in  the  tree. 
The  conifers,  on  the  other  hand,  usually  show  a  wide  variation  in 
moisture  content  between  the  heartwood  and  sapwood  and  in  some 
instances  between  the  upper  and  lower  parts  of  the  tree.  Tamarack 
and  cypress,  however,  have  a  comparatively  uniform  moisture  con- 
tent throughout  the  tree.  Sugar  pine  and  western  larch  are  fre- 
quently very  heavy,  the  sugar  pine  because  of  moisture  and  western 
larch  because  of  resin  at  the  butt.  Longleaf  pine  and  some  other 
species  have  a  very  low  moisture  content  in  the  heartwood,  while  the 
sapwood  is  very  wet. 

The  weight  in  an  air-dry  condition  was  determined  after  the  test 
material  had  dried  to  constant  weight  under  shelter.  The  moisture 
content  under  such  conditions  is  generally  from  12  to  15  per  cent, 
but  varies  with  the  part  of  the  country  in  which  the  drying  or  seasoning 
takes  place.  An  air-dry  condition  in  Douglas,  Ariz.,  would  mean  a 
considerably  lower  moisture  content  than  an  air-dry  condition  in 
Seattle,  Wash. 

The  weight  in  a  kiln-dry  condition  was  determined  by  adding  8 
per  cent  to  the  weight  of  the  oven-dry  wood.3  Of  course,  kiln-dried 
material  may  be  dried  so  that  it  has  more  or  less  than  8  per  cent 
moisture,  depending  on  conditions  in  the  kiln.  Eight  per  cent  is 
considered  an  average  moisture  content  for  kiln-dried  wood. 

In  the  determination  of  the  figures  for  specific  gravity  based  on 
volume  when  green  (column  6),  the  test  specimens  are  weighed  and 
measured  when  green.  Their  oven-dry  weight  is  then  computed  by 
dividing  the  weight  when  green  by  1  plus  the  proportion  of  moisture. 
Specific  gravity  based  on  volume  when  green  is  unaffected  b}T  the 
shrinkage  of  the  wood.  Certain  species  have  individual  characteristics 
which  make  them  stronger  or  weaker  than  other  species  of  the  same 
specific  gravity,  as  will  be  noted  from  the  table.  In  any  one  species 
specific  gravity  is  the  next  best  criterion  to  actual  tests  of  the  strength 
of  the  clear  wood. 

It  has  been  found  that  in  oak  more  than  in  any  other  species  'or 
group  of  closely  related  species  pieces  of  the  same  density  may  vary 
widely  in  mechanical  properties.     Occasionally  very  dense  pieces  ^of 

•  For  accurate  calculations  the  swelling  from  0  to  8  per  cent  moisture  and  the  consequent  reduction  in 
specific  gravity  must  be  taken  into  account. 
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oak  are  for  some  unknown  reason  low  in  strength;  but  in  all  species, 
specimens  of  low  density  are  invariably  weak. 

The  shrinkage  that  occurs  when  a  piece  of  wood  is  dried  from  a  green 
condition  to  an  oven-dry  or  bone-dry  condition  is  shown  in  the  columns 
numbered  7,  S,  and  9.  All  shrinkages  are  expressed  in  percentages  of 
the  original  or  green  dimensions.  In  practice,  wood  is  seldom  if  ever 
dried  to  an  oven-dry  condition.  It  is  generally  either  kiln  dry  or 
air  dry.  The  shrinkage  to  be  expected  in  drying  green  material  to  a 
kiln-dry  condition  may  be  taken  as  75  per  cent  of  the  shrinkage  from 
a  green  to  an  oven-dry  condition;  and  the  shrinkage  from  a  green  to 
an  air-dry  condition  as  50  per  cent  or  one-half  the  shrinkage  to  an 
oven-dry  condition.  Column  7  gives  the  shrinkage  in  volume,  the 
longitudinal  shrinkage,  which  is  negligible,  being  omitted.  Columns 
8  and  9  give  the  shrinkage  in  the  radial  and  tangential  directions,  res- 
pectively. The  radial  shrinkage  is  roughly  three-fourths  as  much  as 
the  tangential  shrinkage.  Radial  shrinkage  is  a  measure  of  the  change 
in  width  of  a  quarter-sawed  or  edge-grain  board.  If  such  a  board  of 
Douglas  fir  10  inches  wide  were  dried  so  that  the  moisture  was  reduced 
from  30  per  cent  to  15  per  cent  (green  to  air-dry  condition),  the  de- 
crease in  width  would  be  about  three-sixteenths  of  an  inch.  Tangen- 
tial shrinkage  is  a  measure  of  the  change  in  the  width  of  a  fiat-grain 
board.  In  a  10-inch  flat-grained  Douglas  fir  board  the  decrease  in 
width  when  dried  from  30  per  cent  to  15  per  cent  moisture  would 
amount  to  about  five-sixteenths  of  an  inch. 

Columns  10  and  11  show,  respectively,  the  modulus  of  rupture  or 
breaking  strength  in  bending,  in  pounds  per  square  inch,  and  the 
strength  compared  to  oak.  The  modulus  of  rupture  is  a  measure  of 
the  ability  of  a  beam  to  support  a  slowly  applied  load  for  a  short 
time.  Safe  working  stresses  for  a  select  grade  of  structural  timbers, 
such  as  floor  joists,  stringers,  etc.,  with  all  exceptionally  light  pieces 
excluded,  subjected  to  bending  in  dry  interior  construction,  are  about 
one-sixth  the  modulus  of  rupture  values  given  in  the  table.  The 
values  given  are  for  green  wood.  The  modulus  of  rupture  for  air- 
dry  wood  is  about  50  per  cent  greater  than  that  for  green.  For  kiln- 
dry  wood  it  is  about  100  per  cent  greater,  or  twice  the  green  value. 
This  increase  in  strength  due  to  drying  does  not  apply  to  compara- 
tively large  structural  timbers,  in  which  the  defects  induced  in  the 
drying  process,  such  as  checks  and  shakes,  frequently  offset  any 
increase  in  the  strength  of  the  wood  itself. 

Columns  12  and  13  give,  respectively,  the  crushing  strength  for 
green  wood  in  pounds  per  square  inch  and  the  relative  strength  com- 
pared to  oak.  For  air-dry  wood  the  crushing  strength  is  about  50 
per  cent  greater  than  for  the  green,  and  for  kiln-dry  wood  the  strength 
is  about  100  per  cent  greater,  or  twice  the  strength  of  the  green.  The 
maximum  crushing  strength  is  a  measure  of  the  ability  of  a  short 
block  to  sustain  a  slowly  applied  load.  It  is  important  in  calculating 
the  strength  of  short  columns.  A  safe  working  stress  is  about  one- 
quarter  the  crushing  strength  as  given. 

Columns  14  and  15  give  the  strength  in  compression  perpendicular 
to  the  grain  in  terms  of  pounds  per  square  inch  of  fiber  stress  at  the 
elastic  limit,  and  the  relative  strength  compared  to  oak.  Fiber  stress 
at  elastic  limit  is  the  value  given.  It  represents  the  greatest  stress 
that  can  be  applied  without  injury  and  is  used  in  computing  the 
proper  bearing  area  for  beams,  railroad  ties,  etc.     Two-thirds  of  the 
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fiber  stress  given  in  the  table  may  be  used  as  a  safe  stress  for  any 
grade  of  structural  timbers. 

Columns  16  and  17  show  the  modulus  of  elasticity  in  bending,  in 
1, 000-pound  units  per  square  inch,  and  as  compared  to  oak.  The 
modulus  of  elasticity  is  a  measure  of  stiffness  and  is  used  in  calculat- 
ing the  deflection  of  beams.  A  high  modulus  of  elasticity  means  a 
high  degree  of  stiffness  with  but  little  deflection.  One-half  the  values 
given  in  the  table  are  recommended  for  use  in  the  design  of  beams  to 
allow  for  sag  which  takes  place  with  time,  and  one-third  of  the  values 
in  the  table  for  long  columns.  Defects  in  structural  timbers  such  as 
knots  have  little  if  any  influence  on  the  property  of  stiffness. 

Columns  18  and  19  show  the  hardness  as  indicated  by  the  load 
required  to  imbed  a  steel  ball  in  the  various  species  of  wood  and  as 
compared  to  oak.  Hardness  is  important  in  flooring,  handles  of 
various  kinds,  paving  blocks,  vehicle  material,  etc.  There  appears 
to  be  no  consistent  difference  between  the  hardness  on  a  radial  sur- 
face and  on  a  tangential  surface,  and  both  values  arc  averaged  and 
tabulated  as  "side  hardness."  End  hardness  (not  given)  is  usually 
slightly    greater   than   side   hanlin 

Columns  20  and  21  show  the  work  to  maximum  load  in  bending  in 
inch  pounds  per  cubic  inch  and  as  compared  to  oak.  The  work  to 
maximum  load  is  a  measure  of  the  shock-resisting  ability,  or  combined 
strength  and  toughness.  It  is  important  in  estimating  the  relative 
fitness  of  woods  for  uses  in  which  they  arc  subjected  to  sudden  loads, 
as  in  wagon  or  automobile  spokes  or  ax  handles.  Hickory  and  Osage- 
orange  are  woods  that  rank  especially  high  in  shock-resisting  ability. 

Columns  22  and  23  show  the  shearing  strength  parallel  to  the 
grain  and  the  shearing  strength  as  compared  to  oak.  Shearing 
strength  is  important  in  beams  which  arc  likely  to  fail  by  shearing 
lengthwise  so  that  the  upper  half  slides  on  the  lower  half  when  the 
beam  bends. 

RELATIONS  INDICATED   BY  TESTS 

The  strength  of  different  species  of  wood  varies  in  general  as  their 
specific  gravity  or  their  dry  weight.4  Some  species,  however,  have 
individual  characteristics  which  at  times  cause  wide  deviation  from 
this  rule.  Dry  weight  is  a  measure  of  the  strength  of  individual 
pieces  of  any  one  species. 

Each  annual  growth  ring  is  made  up  of  a  comparatively  heavy  band 
of  summer  wood  and  a  lighter  band  of  spring  wood.  The  greater  the 
proportion  of  summer  wood,  the  greater  the  weight  and  strength  of 
the  timber. 

No  differences  in  mechanical  properties  due  to  a  change  from  sap- 
wood  to  heartwood  have  been  found.  As  a  tree  grows  the  sapwood 
is  continually  changing  into  heartwood  and  new  sapwood  is  con- 
tinually being  added  to  the  circumference.  All  the  heartwood  in  a 
mature  tree  was  at  one  time  sapwood.  If  a  tree  is  cut  at  a  time 
when  it  is  forming  its  densest  wood  so  that  this  dense  wood  is  still 
sapwood,  pieces  cut  from  the  sapwood  will  be  the  stronger.  If,  on 
the  other  hand,  it  is  cut  later  in  life  when  the  wood  being  formed  as 
sapwood  is  not  so  dense  and  the  denser  wood  has  changed  to  heart- 
wood,  then  pieces  cut  from  heartwood  will  be  the  stronger. 

'  Weight  when  oven  dry,  i.  e.,  entirely  free  from  water. 
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Exceedingly  rapid  or  slow  growth  in  conifers,  such  as  the  southern 
pines  and  Douglas  fir,  has  usually  been  found  to  be  attended  by  light 
weight  and  inferior  mechanical  properties.  In  the  case  of  hard- 
woods, such  as  hickory  and  ash,  fast-grown  wood  with  few  annual 
rings  to  the  inch  is  generally  stronger  and  heavier  than  wood  of  slow 
growth. 

The  effect  of  the  locality  in  which  trees  grow  on  the  nature  of  the 
timber  produced  is  very  complex.  Variations  in  strength  properties 
of  the  wood  of  a  certain  species  attributed  to  difference  in  locality 
of  growth  are  frequently,  exaggerated.  For  a  single  species  there  is 
likely  to  be  a  greater  difference  in  strength  between  the  wood  of  trees 
grown  in  the  same  locality  than  between  the  average  strength  of 
material  from  different  regions. 

Trees  growing  close  together  and  apparently  under  the  same  con- 
ditions occasionally  show  a  difference  in  their  mechanical  properties 
that  can  not  be  entirely  accounted  for  by  the  difference  in  density. 
Whether  this  difference  is  due  to  the  ancestry  of  the  tree  or  to  some 
other  cause,  such  as  soil  conditions,  is  not  yet  known. 

The  strength  of  small,  clear  pieces  is  greatly  increased  by  seasoning. 
In  large  timbers,  the  increased  strength  attending  a  loss  of  moisture 
is  mostly  offset  by  checks  and  other  defects  developed  during  the 
seasoning  process,  and,  therefore,  under  most  conditions  it  is  not 
considered  advisable  to  anticipate  any  added  strength  due  to 
seasoning. 
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